A 360 Degree View Of Selecting A Lubricant For My New Low GWP Refrigerant by Nigro, Joseph L & Majurin, Julie
Purdue University
Purdue e-Pubs
International Refrigeration and Air Conditioning
Conference School of Mechanical Engineering
2018
A 360 Degree View Of Selecting A Lubricant For
My New Low GWP Refrigerant
Joseph L. Nigro
CPI Fluid Engineering, United States of America, jlni@cpifluideng.com
Julie Majurin
CPI Fluid Engineering, United States of America, jumji@cpifluideng.com
Follow this and additional works at: https://docs.lib.purdue.edu/iracc
This document has been made available through Purdue e-Pubs, a service of the Purdue University Libraries. Please contact epubs@purdue.edu for
additional information.
Complete proceedings may be acquired in print and on CD-ROM directly from the Ray W. Herrick Laboratories at https://engineering.purdue.edu/
Herrick/Events/orderlit.html
Nigro, Joseph L. and Majurin, Julie, "A 360 Degree View Of Selecting A Lubricant For My New Low GWP Refrigerant" (2018).
International Refrigeration and Air Conditioning Conference. Paper 1885.
https://docs.lib.purdue.edu/iracc/1885
  2217, Page 1 
 
17th International Refrigeration and Air Conditioning Conference at Purdue, July 9-12, 2018 
      
 
A 360 Degree View of Selecting a Lubricant for New Low GWP Refrigerant 
 
 
Joseph L. NIGRO1*, Julie MAJURIN2 
 
1CPI Fluid Engineering, 
Midland, Michigan, USA 
(Phone 989-698-1179, FAX 989-496-2313, JLNI@CPIFLUIDENG.COM) 
 
2CPI Fluid Engineering, 
Midland, Michigan, USA 
(Phone 989-698-1179, FAX 989-496-2313, JUMJI@CPIFLUIDENG.COM) 






The advent of environmentally friendly refrigerants and the global drive for higher efficiency is bringing change to 
our industry.  A review of current hydrofluorocarbon (HFC) refrigerants and their lubricant choices over a range of 
evaporator temperatures will be summarized and compared to the numerous low global warming potential (GWP) 
refrigerant replacements and associated lubricant considerations.  The paper details a methodology for matching a 
refrigerant and a lubricant over a variety of low GWP refrigerant options.   The current challenges in meeting 
miscibility, solubility, discharge temperature and working viscosity targets will be discussed and options presented.  
As the industry develops and implements both interim, lower GWP alternatives and long-term low or ultra-low 
GWP refrigerant options, in some cases the door has opened for development of new or optimized lubricant 
chemistries which are both compatible with the new refrigerants and also maintain or improve equipment 
performance and reliability.  For example, CPI recognizes that the solubility characteristics of the low GWP 
refrigerants in many cases are different than the incumbent HFC refrigerants.  CPI has investigated the solubility 
characteristics of new refrigerants and has developed innovative lubricant formulations to control solubility to 
minimize the need for equipment hardware or operating changes.  While low GWP refrigerants are environmentally 
friendly with a shorter atmospheric life, in some cases either the refrigerants or the equipment operating conditions 
will bring about system chemistry concerns that didn’t exist with the stable HFC refrigerants such as R-134a.   CPI 
will discuss methods to monitor for lubricant and refrigerant stability in a refrigeration system, and options to 
mitigate chemical stability concerns.  The information shared in this presentation will provide a 360-degree view of 




A global effort is underway once again to convert the refrigeration industry to the use of more environmentally 
friendly refrigerants.   For example, the Montreal Protocol, F-Gas Regulations, the Kigali Agreement, and other 
guidelines and regulations are influencing the reduced use of high global warming potential (GWP) 
hydrofluorocarbons (HFCs), and ushering in the use of lower GWP refrigerants.     
Refrigeration and HVAC original equipment manufacturers (OEMs), compressor designers, and end users will have 
a wider choice of refrigerant and lubricant options than ever before.  Making a data based decision on an 




2. COMMON HFC REFRIGERANT AND LUBRICANT CHOICES 
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In the 1980’s, the global refrigeration industry (and other organizations) moved mountains to successfully convert 
from chlorofluorocarbons (CFCs) to hydrochlorofluorocarbon (HCFC) or hydrofluorocarbon (HFC) refrigerants in 
order to reduce the amount of ozone depleting chemicals being released into the atmosphere.   For example, the 
medium pressure non-ozone depleting HFC refrigerant R-134a was developed as an alternative for the CFC 
refrigerant R-12 with an ozone depletion potential of 1.  
These refrigerant conversions were a major undertaking that challenged engineering teams around the world.  The 
new refrigerants had different thermodynamic and transport properties and required system redesign or optimization 
to deal with challenges such as efficiency and capacity differences, refrigerant temperature glide, material 
compatibility, regulatory compliance issues, and lubricant selection, to name a few.  Time was short and 
commitments for new product introductions had to be met.  Heads of Engineering across the world had to approve 
new product launches and sign off on system life and reliability expectations.   
The CFC/HCFC conversions resulted in a few major HFC replacement gases chosen as the primary refrigerants used 
in the refrigeration and HVAC industry: low pressure R-134a, medium pressure R-404A, R-407C, or R-507A, and 
high-pressure R-410A.   These refrigerant options are all nonflammable, with low toxicity (ASHRAE Class A1), and 
have excellent thermal and chemical stability.  The new HFC refrigerants required the development of a compatible 
lubricant family because they had insufficient physical compatibility with the mineral oil lubricants typically applied 
with chlorinated CFCs and HCFCs.  In the late 80’s, a number of companies’ trail blazed into the HFC lubricant 
arena.  Polyol ester (POE) lubricants were considered prime candidates for use with HFC refrigerants in stationary 
and transport applications because they met the application targets such as adequate miscibility and solubility with 
HFC refrigerants, excellent thermal and chemical stability, and acceptable material compatibility to meet the 
demands of refrigeration and HVAC applications.  Lubrizol Corporation was one of the inventors of the modern 
polyol ester (POE) that has been used for decades with HFC refrigerants.  Although POEs meet the demands of 
automotive applications and have been successfully applied in some segments of this market, the automotive 
industry primarily selected polyalkylene glycol (PAG) lubricants as the mainstream lubricant for use in the 
automotive segment with R-134a. 
The industry conversion to HFC refrigerants and lubricants was complicated because of the longevity of CFC and 
HCFC refrigerants and traditional mineral oil lubricants.  Chlorine containing refrigerants offered an unintended 
lubrication benefit resulting from these refrigerants being less thermally and chemically stable than HFC 
refrigerants.  The result of this instability was that under wear situations the chlorine in the refrigerant reacted with 
the metal surfaces of the wear pairs, providing a tribological layer of protection (Komatsuzaki and Homma, 1991).  
This added protection was not accounted for or quantified – and potentially not even realized - during the design of 
the CFC and HCFC compressors.   The conversion to HFCs required a new engineering focus.  In many cases 
lubricant approval criteria had to be dusted off and re-learned, and additional engineers were hired to support this 
effort.  Due to the complexity of the conversion, many companies added materials engineers and chemists to better 
understand the intricacies of the refrigerant, lubricant, and equipment interactions.  Matching refrigerant and 
lubricant performance with the equipment and application target is vital to predicting product performance, 
reliability, and useful life.          
    
CFC and HCFC refrigerants require different lubricants than HFCs. The lubricant selection criteria used in the past 
needed to be modified.   For instance, the synthetic lubricants being tested for use with HFCs didn’t have a floc 
point (ASHRAE 86 – ASHRAE REFIGERATION HANDBOOK 2014) because they are not composed of mineral 
oil.    
The purposes of the lubricant are to 1) protect components from wear, 2) prevent parts from contact, 3) remove heat 
from the system, 4) provide a seal in some cases, and 5) transport waste or contaminants.  Refrigeration compressor 
and system designers need to match the desired operating parameters to the refrigerant’s thermodynamic and 
transport properties.  In a typical direct expansion evaporator system, the lubricant must be adequately compatible 
with the refrigerant to ensure that it travels through the entire refrigeration system and returns to the compressor so 
that the compressor bearings and seals receive an acceptable quantity and quality of lubricant.  The refrigerant and 
lubricant must have adequate thermal and chemical stability to meet the demands of the application to ensure 
equipment and component reliability, and to ensure that the integrity of the fluids is maintained throughout the 
operating life of the equipment.  The refrigerant and lubricant compatibility with materials of construction and 
process chemicals must be understood so that decisions can be made on appropriate materials and chemicals to be 
used in the design, manufacture, and servicing of equipment. 
Over time, the industry agreed that a good understanding of the following refrigerant/lubricant properties were the 
most relevant predictors of success: miscibility, solubility, working viscosity, thermal stability, chemical stability, 
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and material compatibility. As new refrigerant chemistries are being considered or deployed as alternatives to HFC 
refrigerants, these properties are critical to understand so that decisions can be made on whether existing lubricants 
are acceptable or new chemistries are required.  With some new refrigerants, different or optimized lubricant 
chemistries or formulations are required to maintain the lubricant’s fit for purpose.  In other cases, existing POE 
lubricants are acceptable for use.  The next sections explore these considerations - and their applications to 
refrigerant alternatives - in more detail.  
 
The replacements for today’s HFC refrigerants provide a wide variety of options.  With more options come more 
challenges and potential new lubricant requirements.  Replacement refrigerants will be differentiated by factors such 
as capacity, efficiency (coefficient of performance, or COP),, GWP, temperature glide, flammability, toxicity, extent 
of equipment changes required, thermal stability, chemical stability, material compatibility, availability, and cost.  In 
some cases, nonflammable interim refrigerant solutions are being applied first with the goal to demonstrate 
capability and commitment to move to lower GWP options, and to gain field experience with their use.  The 
refrigerants available in this category generally consist of blends of HFC and hydrofluoroolefin (HFO) refrigerant 
chemistries.  Examples include the application of lower GWP R-404A alternatives such as R-452A, R-449A, and R-
448A, which have been applied successfully in thousands of systems with existing POE technology that is used with 
R-404A.  In other cases, long-term solutions with single digit GWPs have been developed or are being implemented.  
These long-term solutions consist of hydrochlorofluoroolefins (HCFOs) such as R-1233zd(E), HFOs such as R-
1234yf and R-1234ze(E), and natural refrigerants including hydrocarbons such as isobutane (R-600a) and propane 
(R-290), ammonia (R-717), and carbon dioxide (R-744).  In other cases, long-term solutions are still under 
development and consideration, especially for the medium and high-pressure incumbent refrigerants including R-
404A, R-407C, R-507A, and R-410A.  As the industry continues to evolve to develop and implement viable interim 
and long-term solutions, it is necessary for lubricant technologies to evolve to enable these transitions.   
 
3. KEY LUBRICANT PROPERTIES 
 
Figure 1 shows a typical refrigeration cycle.  Lubricant generally travels through the entire refrigeration cycle with 
the refrigerant in varying concentrations.  For compressor designs that require lubricants, the compressor bearings 
are typically fed primarily lubricant with a lower concentration of refrigerant, typically not exceeding 25-30% 
refrigerant by weight.  Pressure/viscosity/temperature (PVT) diagrams, or Daniel plots, are typically used to 
represent properties such as solubility and working viscosity, in this region of the refrigeration cycle.  In the 
evaporator and condenser, the fluid composition is primarily refrigerant with lower amounts of circulating lubricant, 
generally not exceeding 10-20% - and much lower for high efficiency compressor designs.  Miscibility tests are 
generally used to understand refrigerant/lubricant interactions in the evaporator region of the cycle.  Thermal 
stability, chemical stability, and material compatibility considerations are not specific to a certain region of the 
refrigeration cycle as the fluid, material, and application interactions vary in the system.  For example, material 
compatibility tests may be done at 100% refrigerant, 50% refrigerant/50% lubricant, and 100% lubricant to 
encompass the range of fluid compositions in different areas of the system (Majurin et al. 2015). 
 
 
Figure 1:  Refrigeration Cycle Example 
3.1 Miscibility 
  2217, Page 4 
 
17th International Refrigeration and Air Conditioning Conference at Purdue, July 9-12, 2018 
The critical solution temperature, as defined in the American Society of Heating, Refrigerating and Air- 
Conditioning Engineers (ASHRAE) Refrigeration Handbook 2014 (ASHRAE REFIGERATION HANDBOOK 
2014), is the temperature above which a refrigerant/ lubricant combination is miscible for all refrigerant 
concentrations.  
The simple view of miscibility is to consider the coldest point in the system.  Here you have a mixture of primarily 
refrigerant and lower concentrations of lubricant in a liquid state. The lowest temperature and lubricant 
concentration at which this mixture remains in one phase is the upper critical solution temperature.  Maintaining a 
single phase at the lowest system temperature is important to assure oil return to the compressor sump.  If the 
refrigerant and lubricant separate (i.e., appear as two phases such as oil and water), the possibility exists for 
lubricant to collect in the heat exchanger rather than return to the compressor.  Potential impacts include starvation 
of the compressor bearings and seals, and reduced heat exchanger performance due to the presence of a lubricant 
film on the surfaces of the heat exchanger - which was originally designed for refrigerant. 
Miscibility is typically measured in a liquid refrigerant rich environment to cover the range of potential application 
conditions.  As the temperature decreases and the liquid mixture moves from a single phase to two phases, there can 
be transitional conditions in which the mixture becomes hazy or cloudy (Figure 2).  Some system designers consider 
a slight haze acceptable, and cloudy unacceptable.   Establishing a miscibility target range as it applies to the 




Figure 2: Miscibility Example 
 
3.2 Solubility 
The solubility of the refrigerant in the lubricant is a key design consideration.  The amount of refrigerant that will 
dissolve in the lubricant in the compressor sump at target operating conditions must be understood to ensure that the 
design requirements are met.  Solubility is typically measured using specialized pressure/viscosity/temperature 
(PVT) equipment at refrigerant concentrations up to or exceeding 30% refrigerant and throughout temperature 
ranges from -20°C or lower up to 130°C or higher.  The amount of dilution is impacted by the operating pressure 
and temperature of an application, as well as the chemistry of the lubricant.  Under the same temperature and 
pressure, the more refrigerant that dissolves in a lubricant, the more the working viscosity of the lubricant will 
decrease.  
 
   
Figure 3: Solubility Chart (left) and PVT or Daniel Plot Example(right) (Barthel 2018) 
 
  2217, Page 5 
 
17th International Refrigeration and Air Conditioning Conference at Purdue, July 9-12, 2018 
Miscibility and solubility are directly related.   Refrigerant and lubricant pairs with a broader miscible range 
generally result in higher levels of refrigerant solubility in the lubricant.  Thus, the tradeoff in optimizing for lower 
solubility is generally making a sacrifice on miscibility.  The level of solubility in a lubricant can be controlled by 








Figure 4: Solubility & Working Viscosity Relationship 
 
 
3.3 Working Viscosity 
Working viscosity is the viscosity of the refrigerant/lubricant combination at the system operating conditions.  
Working viscosity is measured concurrently with solubility.   The higher the solubility or dilution, the more difficult 
it is to maintain a desired working viscosity without increasing the neat lubricant viscosity grade to compensate.   
The refrigerant and conditions will dictate the level of dilution, and lubricant designers can modify the lubricant 
chemistry to maximize or minimize working viscosities. For example, a minimum working viscosity is generally 
required to maintain film thickness at the bearings, but a maximum working viscosity may be set to ensure flow at 
cold temperatures.   
   
3.4 Thermal and Chemical Stability 
To maintain reliability and design life targets, the refrigerant and lubricant must be stable under normal and severe 
operating conditions, and in the presence of intended and unintended materials and contaminants.  ASHRAE 97 
(ASHRAE REFIGERATION HANDBOOK 2014) is one standard for testing refrigerant and lubricant thermal and 
chemical stability.  The test combines refrigerant, lubricant, and materials (traditionally metal coupons) in a sealed 
glass tube, and then exposes them to elevated temperatures for a specified period of time.  In some cases, 
contaminants such as air and water are included.  The appearance and chemical integrity of the fluids and materials 
are compared before and after the exposures, and analyses are conducted to understand specific reactions that have 
occurred.  When changing to a new refrigerant chemistry, thermal and chemical stability is important to understand 
so that design, control, component, or additive solutions can be developed to mitigate any potential reliability 
impacts.  HFC refrigerants generally have superb thermal and chemical stability, whereas CFC and HCFC 
refrigerants are much less stable (Thermal Stability - ASHRAE REFIGERATION HANDBOOK 2014) - but were 
still applied successfully for decades.   Thus, as the industry moves to more HFO-based refrigerants, it is important 
to understand thermal and chemical stability differences with HFCs, but also to keep in perspective the broader 
history of refrigerant and lubricant stability and the practical operating conditions for the intended application.  For 
instance, some tests have been conducted with excessive concentrations of air and water that do not represent best 
practice or acceptable practice in the industry; in these cases, it is critical to understand how the test conditions do or 
do not represent the application conditions and to scrutinize the relevancy of results.  Lubricant formulations may be 
optimized to mitigate chemical instability.  For example, inhibitors can be added to prevent specific reactions, and 
scavengers can be added to mitigate the impacts of reactions that have occurred.  However, additional considerations 
must be made when using additives, such as their uptake by filter drier materials, their storage stability, and their 
rate and byproducts of conversion.  
 
      
 
Figure 5: ASHRAE 97 (14 days at 175⁰C) – R1234ze(E) & POE Lubricant 
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3.5 Material Compatibility 
System materials need to be evaluated for compatibility with the desired refrigerant and lubricant.  As opposed to 
thermal and chemical stability, material compatibility generally evaluates the impacts of the fluids on the materials, 
not impacts to the fluids.  For example, the compatibility of elastomers, polymers, and motor components that will 
be in contact with the refrigerant and lubricant mixture must be understood to ensure that the materials don’t 
degrade or lose their functionality during their lifetime of use.  For material compatibility evaluations, materials are 
typically exposed to refrigerant and refrigerant/lubricant mixtures at temperatures below the refrigerant critical 
temperature so that they are in contact with liquid refrigerant for a specified period of time.  The exposures are 
typically conducted in Parr pressure vessels, with post-exposure observations and tests conducted on the materials.   
It is important that the exposures don’t exceed the temperature limits of the materials; in these cases, material 
degradation due to excessive temperatures could be mistaken for fluid incompatibility.  The post-exposure tests must 
evaluate the material properties of interest.  For example, if the material is a motor varnish that is intended to serve a 
dielectric function, the post-exposure tests must evaluate the dielectric strength differences of the varnish pre- and 
post-exposure.  Lubricants have not historically been modified to address material compatibility concerns. Material 
compatibility results have instead been used to select or design different materials that will be compatible with the 
refrigerant and lubricant.  However, it is anticipated that in the future, the lubricant formulation may play a larger 








4. LUBRICATION NEEDS OF LOW GWP REFIGERANTS 
 
In consideration of the above parameters, the following summary (Table 1) highlights the understanding to date for 
new refrigerants: 
 
TABLE1: Incumbent Refrigerants and Considerations for Alternatives 
Incumbent Refrigerant – R-134a 
Alternative 
Category 
Examples Lubricant Changes 







No Acceptable miscibility, solubility, working 




R-450A No Acceptable miscibility, solubility, working 
viscosity, stability, & compatibility 
R-1234yf R-1234yf Potential Slightly higher solubility, leading to slightly 









Potential High solubility, leading to lower working 
viscosity 
Hydrocarbon R-600a Yes High solubility, leading to lower working 
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Incumbent Refrigerant – R-404A, R-507A, or R-407C 
Alternative 
Category 
Examples Lubricant Changes 
Needed (relative to 
incumbent) 
Rationale 
HFC Blends R-407A through 
R-407H 
No Acceptable miscibility, solubility, working 









No Acceptable miscibility, solubility, working 








Potential Slightly higher solubility, leading to 
potentially slightly lower working viscosity 
Hydrocarbon R-290 No Acceptable miscibility, solubility, working 
viscosity, stability, & compatibility 
 
Incumbent Refrigerant – R-410A 
Alternative 
Category 
Examples Lubricant Changes 
Needed (relative to 
incumbent) 
Rationale 







No Acceptable miscibility, solubility, working 




To be determined Likely To be determined  
Table 1 presents general guidelines – end users need to verify suitability prior to use. 
 
 
Basic knowledge of how a refrigerant and lubricant behave in a sealed refrigeration system is the beginning of the 
lubricant selection process.   The system designer needs to consider: the desired refrigerant or refrigerants, system 
operating conditions, target miscibility, desired working viscosity and an efficiency goal.  It is important for the 
lubricant technology company to collaborate with the end user to provide lubricant recommendations which best 
meet the targets and include typical properties, the collected data from Table 1, formulation options, and a global 
regulatory review.   
 
The lowest cost lubricant option for a low GWP refrigerant is almost always the “DROP-IN REPLACMENT”.  The 
drop in uses the existing lubricant with the existing equipment, which minimizes design and tooling change costs 
and the costs associated with bringing in a new product for a specific new refrigerant.    Many of the transitional 
lower GWP refrigerants are suitable for use with existing lubricants.   However, in some cases, new lubricants will 
be required.  For example, the chemical properties of R1234ze(E) make it more soluble in the lubricants used with 
R134a.  In this case, the chemistry of the lubricant has been modified to lower the solubility of this refrigerant to 
meet the system designer’s target working viscosity, without increasing the viscosity grade of the lubricant.  This 
minimizes any impacts to compressor or system efficiency.  The chemical structure of the lubricant can also be used 
to control other mixture propreties of the desired refrigerant or refrigerant blend, such as miscibility. 
R-32 used as a high-pressure refrigerant or as a component in high pressure refrigerant blends exhibits miscibility 
differences compared to R-410A and requires an optimized miscible lubricant chemistry.       
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Lubricant optimization starts with a discussion about “What Does Success Look Like”?  Open dialogue between 
product designers (both lubricant and equipment designers) delivers innovation.  An example; customers in a cost 
sensitive market such as comfort air wanted a single lubricant for use with multiple refrigerants.  In this case the 
refrigerants were R-410A, R-32, and potential HFC/HFO alternatives including R-452B and R-454B.    A new 
lubricant chemistry had to be developed to meet the desired system requirements and address the miscibility 
challenges of R-32.  The benefit to the end users is infrastructure savings based on using an existing production line 
with one lubricant tank.  A successful result followed with a new lubricant that provides the desired miscibility and 
working viscosity with the incumbent R-410A refrigerant and all potential alternatives including R-32 and 
HFC/HFO blends. 
 
Lubricant optimization includes an efficiency discussion, and this will be more important in the future.  Lubricant 
structure can be modified to reduce solubility, as well as both structure and formulation can be modified to reduce 
frictional drag and improve efficiency.  Lubricant development is a process in which the best outcomes are delivered 
through collaboration between the OEM or end user and the lubricant developer.  This can best be accomplished 
with a lubricant developer with in-depth understanding of the industry and applications.   
  
Expertise in lubricant formulation is also important.  Lube treatments exist to provide anti-wear, friction 
modification, free radical reduction, oxidation protection, corrosion inhibition, and foam property modification, to 
name a few.  In some cases, additives are used to prevent an unwanted reaction, such as corrosion, and in other cases 
additives are used to mitigate the impact of an occurrence, such as an acid scavenger.  In many cases, controlling 
these situations can enhance the system longevity and improve overall efficiency.   
A lubricant developer with advanced analytical capabilities and application expertise is valuable.  Analytical tools 
such as advanced spectroscopic, chromatographic, and surface analysis capabilities, as well as industry-specific test 
capabilities, is able to collaborate with a customer to identify the best lubricant chemistry and formulation, and to 






Collaboration with an experienced lubrication partner is more important than ever to navigate the complexity of the 
changing refrigerant landscape.  There are many transitional and long-term refrigerant options under consideration 
for today’s HFC refrigerants, and it is important to understand when a lubricant change is or is not required so that 
complexity for the end user is minimized.  In the instances in which existing lubricants are unacceptable or sub-
optimal for new refrigerants or applications, the need to quickly develop robust optimized lubricants is vital to our 
industry.  Combining equipment design expertise, bench testing, and modeling capability with a good fundamental 
understanding of tribology and lubrication / system chemistry is the recipe for success.  It is vital for the lubrication 
partner to be dedicated to developing fundamental knowledge of refrigerant and lubricant interactions that advance 
state-of-the-art and meet and exceed customer expectations during both the development and lifetime of use. 
 
In conclusion, the need to move toward lower GWP refrigerants is clear and is underway.  A lubrication partner that 
enables the industry to reach the optimal solutions with the lowest direct and indirect GWP impact will be a critical 
factor in quickly and efficiently transitioning.   
 




ASHRAE American Society of Heating, Refrigerating and Air Conditioning Engineers 
GWP Global Warming Potential 
HCFC hydrochlorofluorocarbon 
HFC hydrofluorocarbon 
HFO  hydrofluoroolefin 
HVAC Heating, Ventilation, Air Conditioning 
OEM Original Equipment Manufacturer 
  2217, Page 9 
 
17th International Refrigeration and Air Conditioning Conference at Purdue, July 9-12, 2018 
POE polyol ester 
PVT Pressure/Viscosity/Temperature 
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